Key Teaching Points•Macroreentrant atrioventricular (AV) tachycardia is sometimes observed in patients with asplenia syndrome, and the supraventricular tachycardia could be fatal in some patients after a Fontan operation.•The detailed electrophysiological characteristics of the twin AV nodes and connecting sling in patients with asplenia syndrome are unknown.•This report revealed the precise connection between the AV nodes and the connecting sling.

Introduction {#sec1}
============

Two distinct twin atrioventricular (AV) nodes and a connecting sling could be confirmed in a number of patients with asplenia syndrome.[@bib1], [@bib2], [@bib3], [@bib4] Atrioventricular reciprocating tachycardia (AVRT) via twin AV nodes can develop in some patients, and radiofrequency catheter ablation (RFCA) to interrupt or modify 1 of the 2 AV nodes that does not perform the main conduction has been attempted in tachycardia cases.[@bib5], [@bib6] A pathologic analysis of autopsy specimens has demonstrated 2 separate AV nodes and a connecting sling.[@bib3], [@bib4] There have been several hypotheses on the anatomic and electrophysiological characteristics of the AV nodes and connecting sling[@bib4], [@bib5], [@bib6]; however, a detailed electrophysiological mechanism remains unknown. We report the case of a patient with AVRT via twin AV nodes after a Fontan procedure who underwent successful RFCA for 1 of the 2 separate AV nodes, and we reveal the precise connection between the AV nodes and connecting sling.

Case report {#sec2}
===========

An 18-year-old man was referred to our hospital for RFCA of paroxysmal supraventricular tachycardia (PSVT). He had been diagnosed with asplenia, a complete endocardial cushion defect, hypoplastic right ventricle, partial anomalous pulmonary venous connection, and right aortic arch just after birth. An extracardiac total cavopulmonary connection with a tissue-engineered graft was performed at age 2 years 10 months. PSVT was first documented when he was 13 years old. RFCA for the PSVT was performed previously at another hospital. The tachycardia showed a centrifugal pattern near the 1 o'clock position on the valve annulus, and successful RFCA was performed at the origin of the tachycardia. Atrial stimulation showed 2 different QRS morphologies that may have suggested twin AV nodes. No tachycardia could be induced after RFCA, and no additional RFCA for the twin AV nodes was performed. However, the frequency of the palpitations recently increased, so he was referred to our hospital for RFCA.

The baseline electrocardiogram showed left-axis deviation. After written informed consent was obtained from the patient and his parents, an electrophysiological study was performed. A steerable 20-pole circular mapping catheter was positioned in the extracardiac conduit, and a 4F 4-pole electrode catheter was placed into the single ventricle. The ablation catheter was advanced into the single atrium via a retrograde transaortic approach under fluoroscopic guidance. Electrophysiological study with atrial pacing using a Lasso catheter revealed 2 different QRS morphologies that suggested twin AV nodes. Ventriculoatrial (VA) conduction was confirmed by ventricular burst pacing and was interrupted by a bolus injection of adenosine triphosphate, which may have proven that VA conduction was through the AV node. During atrial extrastimulus pacing, no AH jump-up phenomenon was observed. PSVT (cycle length 341 ms) was repeatedly induced by a triple atrial extrastimuli method (450-350-350-210 ms). The QRS morphology during PSVT had exactly the same pattern as that during sinus rhythm. During the tachycardia, the QRS morphology changed from a right bundle branch block pattern to a left bundle branch block pattern, without any change in tachycardia cycle length. This suggested that the ventricle was not included in the circuit of this tachycardia. AV conduction time shortened with the change in QRS morphology from a right bundle branch block pattern (conduction time 161 ms) to a left bundle branch block pattern (conduction time 127 ms) ([Figure 1](#fig1){ref-type="fig"}). However, AV conduction time did not shorten with the change from the complete left bundle branch block pattern to the incomplete left bundle branch block pattern; therefore, the left bundle branch did not contribute to AV conduction of this tachycardia ([Figure 1](#fig1){ref-type="fig"}). AV conduction time during sinus rhythm increased from 181 to 307 ms under atrial burst pacing, with a change in QRS morphology from a normal QRS to a right bundle branch block pattern. This suggested that the right bundle branch contributed to AV conduction in this patient. The earliest atrial activation site was at the 4 o'clock position on the valve annulus during the tachycardia ([Figure 2A](#fig2){ref-type="fig"} and [B](#fig2){ref-type="fig"}). The His potential was recorded during sinus rhythm at the earliest atrial activation site during the tachycardia, and the activation pattern on the Lasso catheter during ventricular pacing was the same as that during the tachycardia. Therefore, we confirmed retrograde conduction of this tachycardia was through the posterior AV node. QRS morphology changed from left-axis deviation to right-axis deviation during the atrial stimulation nadir of the posterior AV node. Therefore, the posterior AV node did not contribute to AV conduction during sinus rhythm. We did not confirm a dual AV nodal physiology of the posterior AV node. However, we believed that this tachycardia was not the AV nodal reentrant tachycardia of the posterior node because anterograde conduction of this tachycardia was through the anterior node. Unfortunately, the His potential of the anterior AV node could not be recorded. The earliest ventricular activation was at the 10 o'clock position on the valve annulus during atrial stimulation ([Figure 2C](#fig2){ref-type="fig"} and [D](#fig2){ref-type="fig"}). There was no difference in QRS morphology between sinus rhythm and atrial stimulation from the 10 o'clock position on the valve annulus. The anterior AV node should be located at the 10 o'clock position on the valve annulus, and the anterior AV node should provide anterograde conduction during sinus rhythm and the tachycardia. Therefore, we confirmed that anterograde conduction of this PSVT was via the anterior AV node and that retrograde conduction of this PSVT was via the posterior AV node. Radiofrequency current (30 W, 60 seconds) was delivered at the posterior AV node where the His potential was recorded ([Figure 2E](#fig2){ref-type="fig"} and [F](#fig2){ref-type="fig"}). VA conduction completely disappeared, and no additional tachycardia was induced after RFCA without any AV conduction disturbance. During 8-month follow-up, the patient did not experience any recurrence of PSVT.Figure 1QRS morphology changed from a right bundle branch block pattern to a left bundle branch block pattern, without any change in tachycardia cycle length. The atrioventricular conduction time shortened with the change in QRS morphology from a right bundle branch block pattern (\*) to a left bundle branch block pattern (†). However, the atrioventricular conduction time did not shorten with the change from the complete left bundle branch block pattern to the incomplete left bundle branch block pattern (††).Figure 2**A, B:** Earliest atrial activation site of the tachycardia was observed at the 4 o'clock position on the valve annulus. **C, D:** The Stim-QRS interval was recorded, and the interval was shortest at the 10 o'clock position on the valve annulus. **E, F:** Catheter ablation was performed at the posterior atrioventricular (AV) node. **G:** The twin AV nodes were directly connected, and AV conduction through the right bundle branch diverged from the sling nadir to the anterior AV node. **H:** During right bundle branch block, AV conduction was through the left bundle branch nadir to the posterior AV node via the connecting sling, and the conduction time prolonged.

Discussion {#sec3}
==========

Macroreentrant atrial tachycardia is sometimes observed after a Fontan operation, and the atrial tachycardia can be fatal in some patients after a Fontan operation.[@bib7] In addition, twin AV nodes have been confirmed in some patients with heterotaxy syndrome, and AVRT using twin AV nodes develops in some patients.[@bib5], [@bib6] Severe interventricular dyssynchrony could be induced by a unilateral AV node modification after the Fontan operation,[@bib8] so consideration of the conduction route to the ventricles in patients with twin AV nodes is important. There have been several hypotheses about the anatomic and electrophysiological characteristics of the 2 separate AV nodes and the connecting sling in heterotaxy syndrome. Although 2 separate AV nodes, a connecting sling, and the conduction tissue have been identified by pathologic analysis of autopsy specimens, previous reports have only demonstrated the presence of a rapid conducting bundle between the 2 AV nodes by electrophysiological analysis. No detailed electrophysiological studies on the relationship among the twin AV nodes, connecting sling, and conduction tissue have been reported. Our patient exhibited a change from a right bundle branch block pattern to a left bundle branch block pattern, without any change in tachycardia cycle length, which suggested that the ventricle was not involved in the tachycardia circuit. This finding indicated that twin AV nodes could be directly connected by a sling between each of them, without a ventricular connection. Each AV node was directly connected by the sling, but AV conduction was through the right bundle branch, which diverged from the nadir to the sling close to the anterior AV node ([Figure 2G](#fig2){ref-type="fig"}). During right bundle branch block, AV conduction was through the left bundle branch nadir to the posterior AV node via the connecting sling, and conduction time was prolonged ([Figure 2H](#fig2){ref-type="fig"}). However, AV conduction time did not change during the change from incomplete left bundle branch block to complete left bundle because the left bundle branch did not contribute to AV conduction.

Differentiation between this tachycardia and a supraventricular tachycardia due to an atriofascicular fiber might be difficult. Usually, anterograde conduction of a supraventricular tachycardia due to an atriofascicular fiber is via the atriofascicular fiber, and retrograde conduction is via the AV node. Anterograde conduction of this tachycardia was through the AV node. Furthermore, there was no preexcitation during anterograde conduction of the posterior AV node, and the tachycardia may be terminated when there is a proximal site of an ipsilateral bundle branch block of the atriofascicular connection. However, this tachycardia continued when there was a distal site of the bundle branch block of the atriofascicular connection. Therefore, we believe this tachycardia was an AV tachycardia using the 2 AV nodes. However, we cannot completely exclude the possibility of anterior conduction of this tachycardia via the anterior AV node and retrograde conduction via the atriofascicular fiber.

Conclusion {#sec4}
==========

There are several hypotheses about the anatomic and electrophysiological characteristics of the twin AV nodes and the connecting sling. This report revealed the precise connection between the AV nodes and connecting sling.
